Pseudorabies virus-induced cell fusion in rabbit kidney cells can be prevented by Concanavalin A added early after infection. The infected cells are not agglutinated and the infectivity of cell-free virus is not reduced. Sera from productively infected animals also inhibit polykaryocytosis, whereas a hyperimmune serum directed against virus structural components has no effect. 2-Deoxy-D-glucose reversibly disturbs virus-induced fusion and reduces significantly the virus infectivity.
The alteration of the cell surface after infection with certain herpes viruses leads to polykaryocytosis (6, 26) , which seems to be an early event during virus replication (7, 19) . The finding that Concanavalin A (Con A) could block fusion of BHK cells, which had been infected with the parainfluenza virus SV 5 (28) , prompted investigations to determine whether the phytagglutinin would also interfere with the fusion process induced by a virus belonging to a totally different group and would therefore represent a more general phenomenon.
Since Con A is a multivalent agent which is capable of lattice formation and which binds to specific receptors at the surface of normal cells (20, 24) , corollary experiments were set up with virus-specific antibodies. In contrast to Con A, antibodies complex with virus-induced determinants appearing at the surface of the altered cell membrane. Such an approach seemed to be promising, since herpes virus-specific antigens and structural glycoproteins (10, 13, 22) become exposed at the cell surface (4, 10, 11, 15, 21) . A still different possibility to disturb cell fusion on the level of glycoprotein synthesis became available through the observation that 2-deoxy-Dglucose (DOG) interferes with the synthesis of glycoproteins in a number of cells infected with different enveloped viruses (5, 12, 14, 16) .
We therefore describe in this communication the possibility to block cell fusion induced by pseudorabies (PsR) virus with Con A and virusspecific antibodies and to interfere with the fusion process by disturbing the synthesis of glycoproteins with the sugar analogue DOG.
MATERIALS AND METHODS Cells. Rabbit kidney (RK) cell monolayers were prepared from 3-to 4-week-old rabbits. The kidneys were trypsinized, the cells were sedimented by centrifugation, and the cell pellet was resuspended in an 150-fold volume of Lavit-medium PM 13 (Serva, Heidelberg), containing 5% fetal calf serum. Usually the cells formed a complete monolayer within 3 days and were then used for the fusion experiments. Other primary and permanent cell cultures were propagated according to standard procedures. The permanent cell lines were grown in Eagle minimal essential medium (MEM) supplemented with 10% fetal calf serum.
Viruses and infectivity assays. Pseudorabies (PsR) virus, strain DEK, originally obtained by G. Plummer was used in all experiments. Herpes simplex virus type 1 (HSV-1) was strain KOS, and type 2 (HSV-2) was strain 196. The viruses had been plaque purified three times, and one stock preparation was used for the experiments. Their origin and characterization has been described (17, 18) . PsR virus was propagated in RK cells and reached titers of 10' to 109 PFU per ml in cell-free stocks. Infectious virus was assayed by plaque titration (25) (Fig. 1A ).
This kind of cytopathic effect cannot be observed in other cell systems like L-cells, BHK-cells, HeLa-cells, and primary cells of bovine fetuses which replicate the virus under the same conditions. These cell types round up after PsR virus infection. MDBK-cells inoculated with this virus show a tendency for syncytia formation. However, no complete fusion takes place as is the case in RK cells.
Since RK 13 cells exhibit spontaneous polykaryocytes in the noninfected monolayer, they are less suitable for experiments about herpesinduced fusion. Primary RK cells were therefore chosen. Syncytia formation by PsR virus is optimally displayed in 3-to 4-day-old cells forming a dense monolayer; older cells react with retarded cell fusion. The amount of newly synthesized infectious virus parallels the alteration of the cell morphology, which starts 3 to 4 h p.i.; 8 to 10 h p.i. the whole monolayer has formed one syncytium ( Fig. 1A and 2 ). In contrast, infection of RK cells with HSV-1 (strain KOS) or HSV-2 (strain 196) leads to rounding of the cells with no tendency to fuse.
Inhibition of fusion by Con A. In the presence of Con A the PsR virus-infected cells were not fused. Virtually all of them had rounded up 10 h after infection and about one third had detached from the petri dish (Fig. 1B) . The dose which did not affect control cells morphologically ( Fig. lAa) and prevented syncytia formation completely was between 15 and 25 ,ug of Con A per ml (Fig. 3 ). Fusion could only be prevented when Con A was added between 0 and 4 h p.i. to the culture medium (Fig. 4) . If the medium containing Con A was removed at any time during this period and incubation was continued with normal medium, fusion occurred as in the nontreated controls. Pretreatment of the cells with Con A for 24 h followed by infection and incubation with normal medium did not influence their fusion.
Cell fusion by Con A was no longer inhibited when 100 mM of a-MG had been added to the medium containing the phytagglutinin. Under these conditions the total amount of infectious virus was not reduced ( alter the morphology of PsR virus-infected cells drastically, it was of interest to know whether virus DNA and infectious virus were formed in those cells. When the rounded Con A-treated cells were gently pelleted (10 min, 800 x g) and the total DNA was extracted and banded in the analytical ultracentrifuge (17) , they carried about 50% more virus DNA than the untreated infected cells (Fig. 5) . The total yield of infectious virus in the Con A-treated cells was between 10 and 50%, varying from cell to cell batch, as compared to the cultures without phytagglutinin (Fig. 3 and 4) . However, this loss of infectivity was only evident when Con A was added between 0 and 2 h p.i. (Fig. 4) . When Con A was added to the medium, the yield of extracellular virus was reduced by approximately 90% (Fig. 2) . Further experiments were undertaken to determine the effect of Con A on the infectivity of cell-free virus. In one series of experiments the virus preparation was diluted to give 500 to 1,000 plaques per ml. An equal volume of medium containing 20, 40, or 100 Mg of Con A per ml was added, the mixture kept at 37 C for 60 min and assayed for residual infectivity by plaque titration. In a second series the cell-free virus stock preparation containing approximately 107 PFU per ml was mixed with a solution containing 20 to 40 ,g of Con A, incubated at 37 C for 10 min, 3 and 21 h, and diluted serially for plaque assays. Essentially the same number of plaques were formed if the stock virus or diluted virus was incubated with Con A or with control medium (Table 2) .
Influence of specific antisera on virus-induced fusion. Antibodies, the other multivalent agent employed, also inhibited cell fusion. The convalescent serum 1 blocked the formation of any syncytium in a dilution of 1:8 (Fig. 1D) . Virtually all cells were individually visible, and the monolayer as a whole had a similar appearance as after treatment with Con A. On the other hand, the hyperimmune serum 2 did not interfere with cell fusion at all (Fig. lDd) in spite of the fact that it had a neutralizing titer of 1:310 as compared to 1:220 for antiserum 1.
In an attempt to remove the specific antibodies against the component responsible for fusion, antiserum 1 dehyde-fixed infected cells, which had been harvested 5.5 h after infection. The absorbed serum had lost considerable capacity to inhibit virus-induced cell fusion (Table 3) , whereas the neutralizing potency was not affected. Field sera from pigs with relatively high neutralizing antibody titers inhibited cell fusion at least partially when dilutions of 1:10 were employed (Table 3 ). All these convalescent sera repressed cell fusion to various extents. No definite correlation between inhibition of cell fusion and their neutralizing potency could be established.
Effect of 2-deoxy-D-glucose on cell fusion. In view of the finding that herpes virus-specific glycoproteins are incorporated into the plasma membrane (10), it appeared feasible that the formation of these structures which was probably responsible for cell fusion might be inhibited by DOG, since this compound interferes with the glycoprotein synthesis of a number of enveloped viruses (12, 16) . In fact, DOG in a concentration of 5 to 10 mM or more was capable of stopping cell fusion in RK cells (Fig.  6A and B) . Control cells were morphologically unchanged even in the presence of 100 mM DOG. Infected cells treated with DOG presented the same morphological picture as the ones kept in the presence of Con A or antiserum a In experiment 1 plaques of two different experiments are given: the virus was diluted to 500 to 1,000 plaques per ml. This virus suspension was mixed with equal amounts of control medium or Con A solutions (20 gg/ml, 40 /g/ml and 100 ug/ml) and incubated at 37 C before titration. In experiment 2 approximately 107 infectious particles were incubated with Con A or control medium and the mixture was titrated (PFU/ml). b Medium containing the antiserum or the reconvalescent serum at a dilution 1: 10 was added at hour 0 to the infected cultures and syncytia formation was read 6 to 8 h p.i. (compare Fig. 1A, D,d ).
cThe serum had been absorbed with glutaraldehyde-fixed infected cells as described in Materials and Methods.
d For the determination of the neutralization index the unabsorbed or absorbed sera in a dilution of 1: 10 were
given to the medium of PsR virus-infected RK cells. The cells were read 10 h p.i. for syncytia formation, harvested, and the total infectivity was determined by plaque titration and compared with that of an infected culture which had received control serum. This reference culture had an infectivity titer of 1.7 x 107 PFU/ml. at least for the first 6 to 8 h p.i. (Fig. 1C) . Virus-induced fusion was not affected when RK cells were pretreated up to 1 day with 10 mM DOG before infection. Similarly, fusion reappeared when infected cells were incubated with DOG for 6 to 8 h after infection and the drug then was washed off and incubation continued with fresh medium.
The morphological alterations of the infected cells in the presence of DOG was accompanied by a significant loss of infectivity (Fig. 6B ). ) . Since evidence has been presented that DOG affects glycoprotein synthesis (16) one can suggest that the fusion factor is a glycoprotein. For paramyxoviruses this has recently been shown (30) . Our findings underline preliminary results (27) , and they are in agreement with a report by Gallaher et al. (8) , who found that DOG inhibited herpes simplex virus-induced fusion of BHK cells. They substantiate the suggestion that glycoproteins play a role in the alteration of the herpes virus-infected cell monolayer (10) .
A totally different manipulation of the PsR virus-infected cultures gave the same results. Cell fusion could also be inhibited by treatment with Con A, provided that the phytagglutinin was added early in the infectious cycle before the fusion process had started. The same conditions had to be applied and the same dose range of Con A was effective to prevent fusion of BHK cells by the paramyxovirus SV 5 (28) . Inhibition of virus release, which is one of the prominent effects on myxovirus-infected cells (28) may also be the reason for the reduced yield of PsR virus when Con A is added to culture medium of RK cells. This interpretation is compatible with data presented by other authors (23) .
Steric hindrance of a complete membrane to membrane contact is probably the decisive effect for the prevention of cell fusion, because Con A has to be present before the fusion process starts. A mere adsorption of Con A to the cell surface does not seem to be the dominant factor, because pretreatment of the cells before infection could not prevent the fusion process. The nuclear membrane as the principle site of budding (2, 21) and consequently inadequate exposure of receptors at the cell surface is probably the reason for the lack of agglutinability of PsR virus-infected BHK cells and chicken embryo fibroblasts. The very high doses which other authors had to use to agglutinate HSVinfected chicken embryo fibroblasts (31) were never employed.
It is not clear whether cell fusion is inhibited by binding of Con A to specific glycoproteins which are still part of the host cell membrane or which have been translocated to the virusspecific protein, perhaps the putative fusion factor. Antibodies, however, the third agent found to interfere with cell fusion, are directed against the virus-specific component appearing at the cell surface. There is evidence that this fusion factor is a nonstructural glycoprotein, because a hyperimmune serum produced against inactivated whole virus did not prevent cell fusion in spite of its high neutralizing capacity. Convalescent sera, however, which presumably contain antibodies against the whole spectrum of viral structural and nonstructural antigens, had varying degrees of an inhibitory effect on cell fusion. Since after absorption of convalescent serum with infected cells the antifusion activity decreased considerably while the neutralizing power of the serum was not significantly changed, the assumption seems to gain support that the viral structure involved in the early event of cell fusion is located at the surface of the cell membrane and that it is different from the antigen reacting with neutralizing antibodies. It remains to be determined whether it is related to any of the early antigens described in herpes virusinfected cells (9, 29) .
The mechanism by which Con A or antibodies block fusion might be identical. Either agent could act by sterical interference of the cell to cell contact and to some extent by formation of a lattice at the cell membrane. Thereby the membrane could lose its normal flexibility and the possibility to merge with a neighboring cell.
